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Description 

[0001] The present invention relates to techniques 
and special materials for fabricating micromechanical 
devices, particularly ink-jet printheads, and to an ink-jet 5 
printhead made according to this technique. In particu- 
lar, the present invention relates to a method of fabricat- 
ing a micromechanical device defining a cavity therein 
comprising the steps set out in the preamble of claim 1 . 
The present invention also concerns a method of fabri- 
cating an ink-jet printhead defining a plurality of chan- 
nels therein comprising the steps set out in the preamble 
of claim 8. 

[0002] In thermal ink-jet printing, droplets of ink are 
selectably ejected from a plurality of drop ejectors in a 
printhead. The ejectors are operated in accordance with 
digital instructions to create a desired image on a print 
sheet moving past the printhead. The printhead may 
move back and forth relative to the sheet in a typewriter 
fashion, or the linear array may be of a size extending 
across the entire width of a sheet, to place the image on 
a sheet in a single pass. 

[0003] The ejectors typically comprise capillary chan- 
nels, or other ink passageways, which are connected to 
one or more common ink supply manifolds. Ink is re- 
tained within each channel until, in response to an ap- 
propriate digital signal, the ink in the channel is rapidly 
heated and vaporized by a heating element (essentially 
a resistor) disposed on a surface within the channel. 
This rapid vaporization of the ink adjacent the channel 
creates a bubble which causes a quantity of ink to be 
ejected through an opening associated with the channel 
to the print sheet. One patent showing the general con- 
figuration of a typical ink-jet printhead is US patent no. 
4,774,530. 

[0004] In overview, a thermal ink-jet printhead such 
as of typical designs known in the art is a hybrid of a 
semiconductor and a micromechanical device. The 
heating elements are typically polysilicon regions doped 
to a particular resistivity, and the associated digital cir- 
cuits for activating individual heating elements at vari- 
ous times are all well within the realm of semiconductor 
technology. Simultaneously, structures such as the cap- 
illary channels for retaining liquid ink and ejecting the 
ink from the printhead are mechanical structures which 
directly physically interface with the semiconductors 
such as the heating element or heater chip. For various 
reasons it is desirable to make mechanical structures 
such as the channel plate out of chemically etched sili- 
con which is congruous with the semiconductor struc- 
ture of the heater plate. 

[0005] Using standard silicon-etching technology to 
create micromechanical structures, however, presents 
significant design constraints. Typically grooves in the 
channel plate, which are used to form capillary channels 
for the passage of ink therethrough, are typically most 
easily constructed with V-groove etching such as by ap- 
plying a chemical etchant such as KOH to silicon. Be- 



cause of the relative etching rates along different direc- 
tions of a silicon crystal (the "aspect ratio"), etched cav- 
ities defining specific surface angles will result, forming 
the distinct V-grooves. When a channel plate defining 
etched V-grooves is abutted against a semiconductor 
heater chip, capillary channels which are triangular in 
cross-section are created. Such triangular cross-sec- 
tions provide certain advantages, but are known to ex- 
hibit problems in directionality of ink droplets emitted 
therefrom; i.e., ink droplets are not always emitted 
straight out of the channel, but rather may be emitted at 
an unpredictable angle. It is likely that the performance 
of the chip could otherwise be improved if, for example, 
a cross-section which is closer to a square could be pro- 
vided. However, the aspect ratio for the etching of silicon 
in typical etching processes would preclude creation of 
square-shaped grooves in a channel plate. 
[0006] Another disadvantage of using V-grooves to 
form capillary channels is that it would be difficult to cre- 
ate, using V-groove etching, a channel which would vary 
in cross-section along the length of the channel. It would 
be difficult, for example, to create through V-groove 
etching a channel which increased or decreased in size 
along its length. In summary, while the V-groove etching 
technique has key practical advantages, there are also 
important design constraints associated with it. 
[0007] The present invention describes a method, 
along with associated sets of material with which the 
method is preferably practiced, by which structures such 
as are useful in an ink-jet printhead can be created with 
more flexibility than with traditional V-groove etching 
techniques. 

[0008] US-A-5 524 784 described above uses a pos- 
itive type photosensitive material to form a patterned 
layer. The gaps in the developed pattern are filled with 
a material for forming the walls of the ink passage. The 
rest of the photosensitive material is removed to form 
ink passages having a square cross-section. 
[0009] Similarly, US-A-4 41 2 224 relates to a method 
of forming an ink-jet head using a photoresist material 
to form ink passages having a square cross-section. 
The substrate is electrically plated with Ni or Cu to form 
the metal walls of the channel. If smoothness of the plat- 
ing surface and uniformity of the plating thickness are 
to be considered, then abrasive grinding is applied to 
the surface prior to removing the photoresist pattern. 
[0010] US-A-4,497,684 discloses a technique, using 
sacrificial layers, to deposit metal layers in a pattern on 
a substrate. 

[0011] US-A-4,650,545 discloses a technique for 
making metal conductors which adhere to polyimide lay- 
ers. 

[0012] US-A-5,236,572 discloses a method for con- 
tinuously manufacturing parts requiring precision micro- 
fabrication, such as ink-jet printheads. 
[0013] US-A-5,296,092 discloses a planarization 
method for use with a semiconductor substrate. 
[0014] US-A-5,322,594 discloses a method of manu- 
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factoring a one piece full-width ink-jet printing bar on a 
glass or ceramic plate. 

[0015] US-A-5,378,583 discloses a technique for 
forming microstructures using a preformed sheet of pho- 
toresist. 

[001 6] US-A-5,401 ,983 discloses various techniques 
for monolithically integrating any thin film material or any 
device, including semiconductors. 
[0017] US-A-5,454,904 discloses a micromachining 
method wherein a polyimide is utilized as a mi- 
cromachinable material. 

[0018] US-A-5,465,009 discloses techniques to per- 
mit lift-off, alignment and bonding of materials and de- 
vices. A device layer is deposited on a sacrificial layer 
situation on a growth substrate. The device layer is coat- 
ed with a carrier layer. The sacrificial layer and/or the 
growth substrate are then etched away to release the 
combination of the device layer and carrier layer from 
the growth substrate. 

[0019] It is the object of the present invention to pro- 
vide a method of fabricating a micromechanical device 
defining a cavity therein, such as an ink-jet printhead, 
whereby precisely-shaped cavities or channels can be 
achieved and that substantially right angles can be pro- 
vided between the walls of the channel and the surface 
of the silicon substrate. 

[0020] The present invention achieves its object by 
providing a method of fabricating a micromechanical de- 
vice defining a cavity therein comprising the steps set 
out in claim 1 . The present invention also provides a 
method of fabricating an ink-jet printhead defining a plu- 
rality of channels therein comprising the steps set out in 
claim 8. 

[0021] According to the present invention, a substrate 
defining a main surface is provided. A sacrificial layer of 
removable material, configured as a negative mold of 
the desired cavity, is deposited on the main surface. A 
permanent layer of permanent material is deposited 
over the main surface and the sacrificial layer. The per- 
manent layer is polished to expose the sacrificial layer, 
and then the sacrificial layer is removed. 

Figures 1-5 are a sequence of elevational views of 

capillary channels for an ink-jet printhead being 

formed on a silicon substrate; 

Figure 6 is an elevational view of a more completed 

thermal ink-jet printhead made according to the 

technique of the present invention; 

Figure 7 is a sectional plan view through line 7-7 in 

Figure 6, illustrating different channel shapes which 

may be formed with the technique of the present 

invention; 

Figure 8 is a perspective view showing how the 
technique of the present invention can be used to 
form pits around heating elements in an ejector in 
a thermal ink-jet printhead; and 
Figure 9 is a table showing known sets of materials 
which can be used to carryout the technique of the 



present invention in creating a thermal ink-jet print- 
head. 

[0022] Figures 1-5 show a plan view of a portion of a 
5 semiconductor substrate having structures thereon, as 
would be used, for example, in creating a portion of a 
thermal ink-jet printhead. The successive Figures show 
the different steps in the method according to the 
present invention. In the Figures, like reference numer- 
10 als indicate the same element at different stages in the 
process. 

[0023] Figure 1 shows a semiconductor substrate 10 
having disposed, on a main surface thereof, a series of 
sacrificial portions 12, which together can be construed 

15 as a single sacrificial layer. As shown in Figure 1, the 
individual sacrificial portions 12 are intended to repre- 
sent a set of capillary channels for the passage of liquid 
ink therethrough in, for example, a thermal ink-jet print- 
head. As will be described below, the sacrificial portions 

20 12 represent the configuration of voids (such as for cap- 
illary channels) in the finished printhead; the portions 1 2 
can be construed as forming a negative of a mold. In the 
finished printhead, these capillary channels are intend- 
ed to be disposed on the main surface of chip 1 0, in such 

25 a manner that the main surface of chip 10 serves as one 
wall of each capillary channel. In Figure 1 , four separate 
and parallel channels are shown "end-on." 
[0024] Different materials which can be used to create 
sacrificial layer 12 will be discussed in detail below, but, 

30 depending on the particular material selected, the sac- 
rificial layer 12 can be deposited in a desired pattern on 
the main surface of chip 10 using any number of a fa- 
miliar techniques, such as laser etching, chemical etch- 
ing, or photoresist etching. 

35 [0025] In Figure 2 is shown the placement of a per- 
manent layer 14 over the portions 12. of the sacrificial 
layer. Permanent layer 14 will ultimately be used to de- 
fine the voids which, in Figure 2, are occupied by sacri- 
ficial layers 1 2. It will be noted that, in the illustrated em- 

40 bodiment, the parallel-channel pattern of sacrificial layer 
12 causes an undulating surface to be created by per- 
manent layer 14. The permanent layer 14 can be depos- 
ited by any number of available techniques, such as spin 
casting, spray coating, screen printing, CVD or plasma 

45 deposition. A detailed discussion of what materials are 
most suited for permanent layer 14 will be given below. 
[0026] In Figure 3 the permanent layer 14, which has 
been hardened to a solid, has been mechanically pol- 
ished in such a manner that a single flat surface is ob- 

50 tained, with different areas thereof being formed by por- 
tions of permanent layer 14 or exposed portions of sac- 
rificial layer 12. Depending on the particular materials 
selected for layers 12 and 14, this polishing step can be 
carried out by any of a variety of known techniques, such 

55 as mechanical polishing or laser ablation. 

[0027] In Figure 4 the sacrificial layer, represented in 
previous Figures by portions 12, has been removed. Ac- 
cording to a preferred embodiment of the present inven- 
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tion, this removal of sacrificial layer 12 is carried out by 
chemical etching, although other techniques may be 
possible. It can be seen that there are now precisely- 
shaped channels where the sacrificial layers 12 used to 
be. These channels can in turn be used for passage and 5 
retention of liquid ink, such as a thermal ink-jet print- 
head. It will further be noted that substantially right an- 
gles can be provided between the walls of permanent 
layer 14 and the "floor" formed by the main surface of 
chip 10 within each channel. This is shown in contrast 
to previous typical designs of ink-jet printheads, using 
V-groove etching, wherein only triangular-cross-section 
channels are practical. 

[0028] Figure 5 shows a possible subsequent step in 
the process of the present invention, wherein further 
structures can be provided on the remaining portions of 
the permanent layer 14. As shown, a second sacrificial 
layer 16 can be placed in various ways over the perma- 
nent layer 14, such as by placing the sacrificial layer 16 
entirely over a portion of permanent layer 1 4, or else, as 
shown toward the right of Figure 5, placing a portion of 
the sacrificial layer 16 over permanent layer 14 or over 
the remaining exposed main surface of chip 10. The 
steps shown in Figures 1-4 can thus be repeated over 
the existing permanent layers 14 in order to create fairly 
sophisticated three-dimensional structures. Alternately, 
multiple permanent layers of the same general plan de- 
sign can be "stacked" on top of each other, thereby cre- 
ating "trenches" having a high aspect ratio of height to 
width. The only significant constraint on creation of 
structures in higher layers is that there should be access 
for "buried" sacrificial layers, whereby removal chemi- 
cals can be applied to lower sacrificial layers, or the dis- 
solved substance of sacrificial layers may be drained 
out. 

[0029] Figure 6 is an elevational view of a substantial- 
ly finished ink-jet printhead exploiting, for example, the 
structure shown in Figure 4. It will be noted that the sem- 
iconductor substrate 10 has defined therein (such as 
through semiconductor fabrication means known in the 
art) a series of heating elements 24 on which the chan- 
nels formed by permanent layer 14 are aligned. As is 
known in the art of thermal ink-jet printing, application 
of a voltage to a heating element such as 24 will cause 
nucleation of the liquid ink being retained in the channel, 
which in turn causes the liquid ink to be ejected from the 
channel and onto a print sheet. (More broadly, the heat- 
ing element 24 could be replaced with another kind of 
structure to energize the liquid ink and cause ejection of 
ink from the channel, such as a piezoelectric structure; 
in the claims hereinbelow, a heating or other structure 
is generalized as an "energizing surface.") Disposed 
over the "top" surface provided by permanent layer 14 
is a simple plane layer 20, which in effect completes the 
channels formed by semiconductor substrate 1 0 and the 
walls of permanent layer 14 so that enclosed (but open- 
ended) capillary channels are created. Typically, plane 
layer 20 need not have any particular sophisticated 



structure associated therewith, and can be made of an 
inexpensive ceramic, resin, or metal. 
[0030] Figure 7 is a plan view showing how the tech- 
nique of the present invention can, by virtue of using 
permanent layer 14 to facilitate channel shapes which 
vary in cross-section along the length thereof, to an ex- 
tent that is impossible with channels which are created 
in directly etched grooves. The channels are created by 
placing on the substrate sacrifical layers 12 which are 
shaped like the desired channels in the finished print- 
head. Figure 7 merely shows three possible examples 
of such odd-shaped channels: of course, all of the chan- 
nels would be of the same general design in a practical 
printhead. However, as shown, the various possible 
shapes of the channels created by permanent layer 14 
facilitate shapes which can be optimized relative to, for 
example, the position of the heating element 24 in sem- 
iconductor chip 10. 

[0031] Figure 8 is a perspective view of an ejector 
made according to the technique of the present inven- 
tion, showing an important printhead design which can 
be readily enabled with the technique of the present in- 
vention. In a printhead in which a heating element 24, 
such as shown in Figure 7, is defined within a heater 
chip 10, permanent layer 14 can be used not only to de- 
fine an ejector channel, but also to form a pit, indicated 
as 25, which is spaced around, or closely to, the perim- 
eter of the surface of heating element 24. This pit 25 is 
known in the art as a structure which can improve the 
performance of a thermal ink-jet ejector by providing a 
specific zone for ink nucleation. In prior art printheads, 
such pits such as 25 are formed in their own separate 
layers, such as a polyimide, which must be provided to 
the printhead chip in a separate manufacturing step. 
With the technique of the present invention, however, a 
structure defining a pit 25 around every heating element 
24 can be formed in a single piece with the rest of the 
sides of the ejector, by permanent layer 14. That is, the 
present invention enables structure defining pit 25 to be 
formed out of essentially the same layer of material that 
defines the walls of the ejector itself. Formation of this 
pit 25 in permanent layer 14 can be performed by mul- 
tiple iterations of the sacrificial layer technique as shown 
in Figure 5. 

[0032] Although, in the illustrated embodiment, the 
negative-mold technique is used for the creation of cap- 
illary channels in a thermal ink-jet printhead, the tech- 
nique can be used to form other types of cavities in a 
printhead, such as to make the ink-supply manifolds 
through which ink is supplied to the channels in the print- 
head. Broadly, the technique of the present invention 
can be applied to making any specially-shaped void in 
a micromechanical apparatus, and can readily be ap- 
plied to the creation of voids having a critical dimension 
(i.e. along a dimension parallel to the main surface of 
the substrate) from about 3 micrometers to about one 
centimeter. 

[0033] Having demonstrated the basic steps of the 
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technique of the present invention, attention is now di- 
rected to specific combinations of materials which can 
be used for sacrificial layer 12 and permanent layer 14. 
The specific selection of a combination of such material 
will depend not only on cost and ease of use for obtain- 
ing a particular shape of permanent layer 14, but must 
inevitably take into account the specific requirement for 
an entire printhead, namely the composition of liquid 
inks which are likely to be used with the printhead. Be- 
cause of various competing concerns such as ink drying 
and clogging, etc., it is fairly common that liquid inks 
used in ink-jet printing have characteristics such as acid- 
ity or baseness; these qualities have been known to 
cause degradation of common materials used in print- 
heads. Also, other inks are nucleophilic, which further 
limits the choice of materials for a printhead. 
[0034] Figure 9 is a table giving, in general terms, var- 
ious preferred combinations of sacrificial layer material, 
permanent layer material, sacrificial layer patterning 
methods, and dissolving chemicals, representing vari- 
ous practices of the invention known to the inventors as 
of the time of filing. In brief, the necessary attributes of 
a sacrificial material is that it be patternable (either by 
being photosensitive itself, or being patternable by the 
application of a photoresist), and removable (such as by 
wet or plasma chemical etching, ion bombardment, or 
ablation). Necessary attributes of the permanent mate- 
rial, in the ink-jet printing context, are that the material 
be resistant to the common corrosive properties of ink, 
(such as acid/base, nucleophilic, or otherwise reactive), 
should exhibit temperature stability, and be relatively rig- 
id so that, if necessary in certain manufacturing proc- 
esses, the created structures are diceable (that is, if a 
large number of printhead chips are made in a single 
wafer, the wafer must be able to be cut into individual 
chips). While various combinations of various materials 
and methods have been shown to be practical, the 
choice of which particular combination is a "best mode" 
will depend on external factors, such as the choice of 
ink used in the printhead, as well as cost. On the whole, 
the most versatile materials for permanent layers in the 
ink-jet printing context are polyarylene ether or polyim- 
ide. 

[0035] In one embodiment of the claimed invention, 
different types of polyimide can be used respectively for 
the sacrificial and permanent layers. If two types of poly- 
imide are used, the polyimide used for the sacrifical lay- 
er should be a partially-cured polyimide, while the poly- 
imide for the permanent layer should be a fully-cured 
polyimide. Alternately, the polyimide used for sacrifical 
layer should be a base-sensitive polyimide, while, the 
polyimide for the permanent layer should be a less base- 
sensitive polyimide. 

[0036] The table of Figure 9 lists certain proprietary 
substances such as those known under the trademarks 
of RISTON® and VACREL®, both available from E.I. du 
Pont De Nemours & Company. In the claims hereinbe- 
low, these proprietary materials are referred to as "dry- 



film solder masks." 

[0037] In the context of manufacturing ink-jet print- 
heads, a single layer of permanent material 14 can be 
readily created up to a thickness of 60 micrometers. 

5 Such a layer will still exhibit the desirable right-angle re- 
lationship between the walls of the permanent layer 
such as 14 and the surface of the silicon substrate 10. 
However, by using multiple iterations of the present 
method, such as shown in Figure 5, the thickness of 

10 such a permanent layer 1 4 comprising several such lay- 
ers could easily reach into the tens of millimeters. The 
thickness of structures created by one or more perma- 
nent layers 14 is fundamentally constrained only by the 
mechanical stability of such walls, i.e., a wall created by 

15 permanent layer 14 need only be thick enough to sup- 
port itself in a particular situation. 
[0038] Further information regarding the preparation 
of polyarylene ethers and the like is disclosed in, for ex- 
ample, P. M. Hergenrother, J. Macromol. Sci. Rev. Mac- 

20 romol. Chem., Cf9(1), 1-34(1980); P. M. Hergenrother, 
B. J. Jensen, and S. J. Havens, Polymer, 29, 358 (1988); 
B. J. Jensen and P.M. Hergenrother, "High Performance 
Polymers," Vol. 1, No. 1) page 31 (1989), "Effect of Mo- 
lecular Weight on Poly(arylene ether ketone) Proper- 

25 ties"; V. Percec and B. C. Auman, Makromol. Chem. 
185 , 2319 (1984); "High Molecular Weight Polymers by 
Nickel Coupling of Aryl Polychlo rides," I. Colon, G. T. 
Kwaiatkowski, J. of Polymer Science, Part A, Polymer 
Chemistry, 28, 367 (1990); M. Ueda and T. Ito, Polymer 

30 J., 23 (4), 297 (1 991 ); "Ethynyl-Terminated Polyarylates: 
Synthesis and Characterization," S. J; Havens and P. 
M. Hergenrother, J. of Polymer Science: Polymer Chem- 
istry Edition, 22^ 3011 (1984); "Ethynyl-Terminated 
Polysulfones: Synthesis and Characterization," P. M. 

35 Hergenrother, J. of Polymer Science: Polymer Chemis- 
try Edition, 20, 3131 (1982); K. E. Dukes, M. D. Forbes, 
A. S. Jeevarajan, A. M. Belu, J. M. DeDimone, R. W. 
Linton, and V. V. Sheares, Macromolecules, 29, 3081 
(1996); G. Hougham, G. Tesoro, and J. Shaw, Polym. 

40 Mater. Sci. Eng., 5f, 369 (1989); V. Percec and B. C. 
Auman, Makromol. Chem, 185, 617 (1984); "Synthesis 
and characterization of New Fluorescent Poly(arylene 
ethers)," S. Matsuo, N. Yakoh, S. Chino, M. Mitani, and 
S. Tagami, Journal of Polymer Science: Part A: Polymer 

45 Chemistry, 32, 1071 (1994); "Synthesis of a Novel 
Naphthalene-Based Poly(arylene ether ketone) with 
High Solubility and Thermal Stability," Mami Ohno, 
Toshikazu Takata, and Takeshi Endo, Macromolecules, 
27, 3447 (1994); "Synthesis and Characterization of 

50 New Aromatic Poly(ether ketones)," F. W. Mercer, M. T. 
Mckenzie, G. Meriino, and M. M. Fone, J. of Applied Pol- 
ymer Science, 55, 1397 (1995); H. C. Zhang, T. L. Chen, 
Y. G. Yuan, Chinese Patent CN 85108751 (1991); "Stat- 
ic and laser light scattering study of novel thermoplas- 

55 tics. 1 . Phenolphthalein poly(aryl ether ketone)," C. Wu, 
S. Bo, M. Siddiq, G. Yang and T. Chen, Macromolecules, 
29, 2989 (1996); "Synthesis of t-Butyi-Substituted Poly 
(ether ketone) by Nickel-Catalyzed Coupling Polymeri- 
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zalion of Aromatic Dichloride", M. Ueda, Y. Seino, Y. 
Haneda, M. Yoneda, and J.-l. Sugiyama, Journal of Pol- 
ymer Science: Part A: Polymer Chemistry, 32, 675 
(1994); "Reaction Mechanisms: Comb-Like Polymers 
and Graft Copolymers from Macromers 2. Synthesis, 
Characterzation and Homopolymerization of a Styrene 
Macromer of Poly(2,6-dimethyl-1 ,4-phenylene Oxide)," 
V. Percec, P. L. Rinaldi, and B. C. Auman, Polymer Bul- 
letin, 10, 397 (1983); Handbook of Polymer Synthesis 
Part A, Hans R. Kricheldorf, ed., Marcel Dekker, Inc., 
New York-Basel-Hong Kong (1992); and "Introduction 
of Carboxyl Groups into Crosslinked Polystyrene," C. R. 
Harrison, P. Hodge, J. Kemp, and G. M. Perry, Die 
Makromolekulare Chemie, 176, 267 (1975). 



Claims 

1. A method of fabricating a micromechanical device 
defining a cavity therein, comprising the steps of: 

providing a substrate (10) defining a main sur- 
face; 

depositing on the main surface a sacrificial lay- 
er (12) of a first material, configured as a neg- 
ative mold of the cavity; 

depositing over the sacrificial layer a perma- 
nent layer (14) of a second material; and 

removing the sacrificial layer (12), 

characterized by further comprising the step of pol- 
ishing the permanent layer (14) to expose the sac- 
rificial layer.(12) before removal thereof. 

2. The method of claim 1, wherein the substrate (10) 
defines a heating surface. 

3. The method of either of claims 1 or 2, wherein the 
step of depositing on the main surface a sacrificial 
layer (1 2) comprises the step of depositing the sac- 
rificial layer (12) whereby edges of the sacrificial 
layer (12) form substantially right angles with the 
main surface of the substrate (10). 

4. The method of any of claims 1 to 3, comprising the 
further steps of depositing on the permanent layer 
(14) a second sacrificial layer (16); and depositing 
over the second sacrificial layer (16) a second per- 
manent layer. 

5. The method of any of claims 1 to 4, wherein a cavity 
formed as a negative mold in the sacrificial layer 
(12) has a dimension parallel to the main surface 
not less than about 3 micrometers and not more 
than about one centimeter. 



6. The method of any of claims 1 to 5, wherein said 
first material is selected from the group consisting 
of a dry-film solder mask, a plasma nitride, a plasma 
oxide, a spin-on glass, a polyimide, RISTON, and 

5 VACREL. 

7. The method of any of claims 1 to 6, wherein said 
second material is selected from the group consist- 
ing of a probimer, a benzocyclobutene, silicon diox- 

10 ide, Si 3 N 4 , a polyphenylene, a polyarylene ether 
and a phenolphthalein containing arylene ether. 

8. A method of fabricating an ink-jet printhead defining 
a plurality of channels therein, comprising the steps 

15 of: 

providing a substrate (10) defining a main sur- 
face; 

20 depositing on the main surface a sacrificial lay- 

er (12) of a first material, configured as a neg- 
ative mold of the plurality of channels; 

depositing over the sacrificial layer a perma- 
25 nent layer (14) of a second material; and 

removing the sacrificial layer (12), 

characterised by further comprising the step of 
30 polishing the permanent layer (1 4) of a second ma- 
terial to expose the sacrificial layer (12) before re- 
moval thereof. 

9. The method of claim 8, the substrate (10) defining 
35 a plurality of energizing surfaces in the main surface 

thereof, each energizing surface corresponding to 
one channel in the printhead, and wherein the step 
of depositing on the main surface a sacrificial layer 
(12) comprises the step of depositing the sacrificial 
40 layer (1 2) over the energizing surface. 

10. The method of claim 9, wherein the step of depos- 
iting the sacrificial layer (1 2) includes depositing the 
sacrificial layer (12) within a perimeter (24) of the 

45 energizing surface, thereby allowing the permanent 
layer (14) to form a pit (25) around the perimeter 
(24) of the energizing surface. 



so Patentansprtiche 

1. Verfahren zur Herstellung einer mikromechani- 
schen Vorrichtung, die in sich einen Hohlraum bil- 
det, welches die folgenden Schritte umfasst: 

55 

Erzeugen eines Substrats (10), das eine 
Hauptflache bildet; 

Abscheiden einer Opferschicht (12) aus einem 
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ersten Material, gestaltet als Negativform des 
Hohlraums, auf der Hauptfiache; 
Abscheiden einer Permanentschicht (14) aus 
einem zweiten Material Dber der Opferschicht 
und 

Entfernen der Opferschicht (12), 

dadurch gekennzeichnet, dass es weiterhin den 
Schritt des Schleifens der Permanentschicht (14) 
umfasst, urn die Opferschicht (1 2) vor deren Entfer- 
nung freizulegen. 

2. Verfahren nach Anspruch 1, wobei das Substrat 
(10) eine Heizfiache bildet. 

3. Verfahren nach entweder Anspruch 1 Oder 2, wobel 
der Schritt des Abscheidens einer Opferschicht (12) 
auf der Hauptfiache den Schritt des Abscheidens 
der Opferschicht (12) umfasst, durch den Rander 
der Opferschicht (12) im Wesentlichen rechte Win- 
kel mit der Hauptfiache des Substrats (10) biiden. 

4. Verfahren nach einem der AnsprOche 1 bis 3, wel- 
ches die weiteren Schritte des Abscheidens einer 
zweiten Opferschicht (16) auf der Permanent- 
schicht (14) und des Abscheidens einer zweiten 
Permanentschicht Ober der zweiten Opferschicht 
(16) umfasst. 

5. Verfahren nach einem der AnsprOche 1 bis 4, wobei 
ein als Negativform in der Opferschicht (12) ausge- 
bildeter Hohlraum eine Abmessung parallel zur 
Hauptfiache hat, die nicht unter etwa 3 Mikrometer 
und nicht Ober etwa einem Zentimeter liegt. 

6. Verfahren nach einem der AnsprOche 1 bis 5, wobei 
das erste Material aus der Gruppe ausgewfihlt wird, 
die aus einer Trockenfilm-Lfltmaske, einem Plas- 
manitrid, einem Plasmaoxid, Spin-on-Glass, einem 
Polyimid, RISTON und VACREL besteht. 

7. Verfahren nach einem der AnsprOche 1 bis 6, wobei 
das zweite Material aus der Gruppe ausgewahlt 
wird, die aus einem Probimer, einem Benzocyclo- 
buten, Siliciumdioxid, Si 3 N 4 , einem Polyphenylen, 
einem Potyarylen-Ether und einem Phenolphthale- 
in enthaltendem Arylen-Ether besteht. 

8. Verfahren zur Herstellung eines Tintenstrahl- 
Druckkopfes, der eine Mehrzahl von Kanaien bildet, 
welches die folgenden Schritte umfasst: 

Erzeugen eines Substrats (10), das eine 
Hauptfiache bildet; 

Abscheiden einer Opferschicht (12) aus einem 
ersten Material, gestaltet als Negativform der 
Mehrzahl von Kanaien, auf der Hauptfiache; 
Abscheiden einer Permanentschicht (14) aus 



einem zweiten Material auf der Opferschicht 
und 

Entfernen der Opferschicht (12), 

5 dadurch gekennzeichnet, dass es weiterhin den 
Schritt des Schleifens der Permanentschicht (14) 
aus einem zweiten Material umfasst, urn die Opfer- 
schicht (12) vor deren Entfernung freizulegen. 

10 9. Verfahren nach Anspruch 8, wobei das Substrat 
(10) eine Mehrzahl von Erregungsoberfiachen in 
dessen Hauptfiache bildet, jede Erregungsoberfia- 
che einem Kanal im Druckkopf entspricht und wobei 
der Schritt des Abscheidens einer Opferschicht (1 2) 

15 auf der Hauptfiache den Schritt des Abscheidens 
der Opferschicht (12) Ober der Erregungsoberfia- 
che umfasst. 

10. Verfahren nach Anspruch 9, wobei der Schritt des 
20 Abscheidens der Opferschicht (1 2) das Abscheiden 
der Opferschicht (12) innerhalb einer auBeren Be- 
grenzung (24) der Erregungscberfiache ein- 
schlieftt, wodurch die Permanentschicht (14) eine 
Vertiefung (25) urn die audere Begrenzung (24) der 
25 Erregungsoberfiache herum biiden kann. 



Revendications 

30 1 . Proc6d6 de fabrication d'un dispositif micromecani- 
que definissant une cavite a I'interieur de celui-ci, 
comprenant les etapes consistant a : 

fournir un substrat (10) definissant une surface 

35 principale ; 

deposer sur la surface principale une couche 
sacrificielle (12) d'un premier materiau, confi- 
gure comme un moule negatif de ta cavit6 ; 
deposer sur la couche sacrificielle une couche 

40 permanente (14) d'un deuxieme materiau ; et 

enlever ta couche sacrificielle (12), 

caracterise en ce qu'il comprend en outre I'etape 
de polissage de la couche permanente (14) de ma- 
45 niere a exposer la couche sacrificielle (12) avant 
qu'elle ne soit enlevee. 

2. Procede selon la revendication 1, dans lequel le 
substrat (10) defmit une surface chauffante. 

50 

3. Proced6 selon Tune ou I'autre des revendications 1 
ou 2 dans lequel I'etape consistant d deposer une 
couche sacrificielle (12) sur la surface principale 
comprend l'6tape consistant a deposer la couche 

55 sacrificielle (12) par laquelle les bords de la couche 
sacrificielle (12) forment des angles sensiblement 
droits avec la surface principale du substrat (10). 
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4. Procede selon Tune quelconque des revendications 
1 a 3, comprenant en outre les etapes consistant a 
deposer sur la couche perrnanente (14) une deuxie- 
me couche sacrificielle (16) et a deposer sur la 
deuxieme couche sacrificielle (16) une deuxieme 
couche perrnanente. 



pe consistant a deposer la couche sacrificielle (12) 
comprend le depdt de la couche sacrificielle (12) a 
I'interieur d'un perimetre (24) de la surface d'exci- 
tation, permettant ainsi a la couche perrnanente 
5 (14) de former un creux (25) autour du p6rimetre 
(24) de la surface d'excitation. 



5. Procede selon Tune quelconque des revendications 
1 a 4, dans lequel une cavite formee comme moule 
negatif dans la couche sacrificielle (12) possede w 
une dimension parallels a la surface principale qui 
n'est pas inferieure a environ 3 microns et qui n'est 
pas superieure a environ 1 centimetre. 



6. Procede selon Tune quelconque des revendications ts 
1 a 5, dans lequel ledit premier materiau est choisi 
dans le groupe constitue par un masque de brasage 
en film see, un nitrure plasma, un oxyde plasma, un 
verre centrifuge, un polyimide, du RISTON et du 
VACREL 20 



7. Proc6de selon Tune quelconque des revendications 
1 a 6, dans lequel ledit deuxieme materiau est choisi 
dans le groupe constitue par un Probimer, un ben- 
zocyclobutene, le dioxyde de silicium, Si 3 N 4 , un po- 25 
lyphenylene, un ether de polyarylene et une phe- 
nolphtaleine contenant un ether d'arylene. 

8. Procede de fabrication d'une t§te depression a jet 
d'encre definissant une plurality de canaux a I'inte- 30 
rieur de celle-ci, comprenant les etapes consistant 

a: 



fournir un substrat (10) definissant une surface 
principale ; 35 
deposer sur la surface principale une couche 
sacrificielle (12) d'un premier materiau, confi- 
gure comme un moule negatif de la plurality de 
canaux ; 

deposer sur la couche sacrificielle une couche *o 
perrnanente (14) d'un deuxieme materiau ; et 
enlever la couche sacrificielle (12), 

caracte>is6 en ce qu'il comprend en outre I'etape 
de polissage de la couche perrnanente (14) de 
deuxieme materiau de maniere a exposer la couche 
sacrificielle (12) avant qu'elle ne soit enievee. 

9. Procede selon la revendication 8, le substrat (10) 
d6finissant une pluralite de surfaces d'excitation sur so 
sa surface principale, chaque surface d'excitation 
correspondant a un canal de la tfite d'impression, 

et dans lequel I'etape consistant a deposer une cou- 
. che sacrificielle (12) sur la surface principale com- 
prend I'etape consistant a deposer la couche sacri- 55 
ficielle (12) sur la surface d'excitation. 

10. Procede selon la revendication 9, dans lequel I'eta- 
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